Abstract-In this paper a new topology of Permanent Magnet Synchronous Actuator (PMSA) is used for steer-by-wire application. The magnetic field patterns are determined from finite element modeling, for different rotor positions and supply currents, using FEMM software. The designed actuator geometric is, then, optimized using Genetic Algorithm in order to ameliorate its electromagnetic characteristics, and its resulting torque. Finally, a thermal analysis is achieved for the initial and the optimized actuators. The obtained results show a clear improvement of the actuator electromagnetic characteristics and heat distribution.
I. INTRODUCTION
Permanent Magnet Synchronous Actuators (PMSA) have become more attractive because they respond well to new technology requirements [1] . The renewed interest for these machines is due, in large part, to their excellent dynamic characteristics, low loss and their high specific torque, making them better suited to industrial applications requiring electrical drive control position or speed [2] .
PMSA are suitable for low speed and high torque applications. Our contribution consists on the design of an actuating system for Steer-By-Wire (SBW) application; based on PMSA. The SBW drive system does not include gearbox, the electric machine being directly driven by the motion control system. The removal of the gearbox that typically represents a source of important losses and involves high maintenance costs is very attractive and permits the simplification of the drive cinematic conversion chain [3] .
The electric machine in case of high torque applications should operate at low rotational speeds and thus it should have a large number of magnetic poles.
In the first section, the finite element model of PMSA is analyzed. Then, the finite element model of the actuator designed is optimized using a genetic algorithm. Finally electromagnetic performances of the actuator are analyzed and interpreted.
II. STUDY ACTUATOR
A Permanent magnet synchronous actuator (PMSA) has been applied to the performance improvement of electric power steering. Because PMSA have many advantages such as high efficiency and high torque per rotor volume, they are especially suitable for automotive applications, where space and energy savings are critical [4] .
A. Structure presentation
The designed actuator shown in Fig.1 and Fig.2 has nine poles on the stator and ten poles on the rotor, with permanent magnets disposed to the rotor. Thus, for the same flux density in the air gap of the ferrite magnets with low costs can be used [5] . There is a rotary Permanent Magnet Synchronous Motor, whose polarization is substantially Albach type [6] containing the supply coils; Fig.1 .a shows the Coils distribution. The designed actuator dimensions are given in Table VI .
B. Magnetic characteristics
The magnetic circuit of the rotor and the stator are made from iron-silicium Fe-Si, the stack of the stator is made of steel. Each winding consists on a coil of 63 turns, the magnetization characteristic of the Fe-Si material is shown in Fig.3 . www.ijacsa.thesai.org The ramenante induction of the magnet is equal to 1 tesla.
III. FINITE ELEMENT MODELING OF THE STUDIED ACTUATOR
After material characteristic assignment, meshing and solving the magnetic problem under FEMM, flux linkage, back emf, current wave form and instantaneous torque are computed.
A. Flux linkage
The induction line in the actuator is shown in Fig.4 . These lines are generated by the permanent magnets for effective current density equal to 0 A/mm 2 . 
B. Electromotive Force
Referring to the laws of Lenz, the no load back emf are given by (2):
According to equations (1) and (2) the characteristics of back emf, depending on mechanical position, are presented in Fig.6 , for a speed of rad/s 
C. Current supply wave form
The supply current characteristics in this case are put in phase with the back fem, which is governed by the equations (3): 
The current wave forms of phases A, B and C according to mechanical rotor position are shown in Fig. 7 . 
For determining the torque at a given position, it is necessary to carryout simulations for two near mechanical positions, while the current is kept constant. The mechanical angular variation Δθ between the two simulation positions gives an approximate calculation of torque performing a derivative of coenergy from (5):
The obtained response surface of torque, according to rotor position and current densities, is shown on Fig. 8 . The response surface of torque shows that the electromagnetic torque produced by PMSA, for a given current, is constant over the mechanical period.
IV. OPTIMIZATION OF THE DESIGNED PERMANENT MAGNET SYNCHRONOUS ACTUATOR
The structure of the designed actuator is, in this section, optimized in order to improve the actuator electromagnetic performances, by use of the finite elements model as virtual prototype and genetic algorithm as optimization software.
The objective function is the maximization of electromagnetic torque.
A. Optimization problem
Genetic Algorithms (GA) are adaptive heuristic search algorithms based on the evolutionary ideas of natural selection and genetics. As such, these represent an intelligent exploitation of a random search used to solve optimization problems [7] . The optimization problem is described by (P) from the expression (6): 
B. Results of the G.A. optimization
The following table shows the parameters of the initial and the optimized structure of the studied actuator. Figure 9 shows the resulting characteristics of torque developed by the initial and the optimized structures over one mechanical period. Referring to (3) and for different supply current densities varying from 0 to 62A/mm2 the electromagnetic torque of the optimized PMSA structure is computed over one mechanical period, Fig. 10 . The temperature rise is caused by the operation of rotating machines is an unavoidable natural phenomenon. Computer Aided Design (CAD) systems are used to describe geometrical models, to manipulate data and to display the results. Therefore, CAD systems with thermal analysis and computational modules become very powerful tools to investigate the thermal distribution within the electronics package, [8, 9] .
An analysis of the temperature distribution, Fig. 11 , is required to ensure that there is no concentration of heat that could cause damage during operation or demagnetization of permanent magnet. The Thermal properties of materials are given in table III. Figure 12 shows the temperature cartography into initial and optimized structure. The temperature reached into the initial structure (from 323 to 341° K) is higher than that obtained for the optimized structure (from 313 to 330° K).
VI. RESULTS' COMPARISON
The following table summarizes the finite element results obtained from the initial and the optimized structures. Figure 12 shows the cartographies of the magnetic induction field corresponding to the initial and optimized actuator. According to the results shown on Fig. 12 , it can be seen that both stator and rotor poles are much more saturated in the initial structure, than, in the optimal one.
The results' comparisons, table IV, show a torque gain of 15.64 % in the optimized structure, as well as in the phase turn number, which decreases from 63 to 44. Furthermore, the rotor iron volume gain is of 6.71 % and the heat level gain is of 3%.
VII. CONCLUSION
A new structure of permanent magnet actuator is designed for a steer-by-wire application. It is modeled and characterized under the finite element software FEMM environment. In the first part, the actuator initial structure is analyzed. In the second part, this structure is optimized using genetic algorithm. Finally a thermal analysis of initial and optimized structures is achieved.
The obtained results show clear improvement of torque, phase turn number, rotor iron volume and heat level in the optimized structure according to the initial one.
In future works the overall dynamic behavior of SBW direction actuated by the studied PMSA will be optimized. e Air-gap.
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